Cardiovascular disease is a leading cause of morbidity and mortality worldwide, and a key barrier to improved outcomes is medication nonadherence. The aim of this study is to review the role of mobile health (mHealth) tools for improving medication adherence in patients with cardiovascular disease. We performed a systematic search for randomized controlled trials that primarily investigated mHealth tools for improving adherence to cardiovascular disease medications in patients with hypertension, coronary artery disease, heart failure, peripheral arterial disease, and stroke. We extracted and reviewed data on the types of mHealth tools used, preferences of patients and healthcare providers, the effect of the mHealth interventions on medication adherence, and the limitations of trials. We identified 10 completed trials matching our selection criteria, mostly with ,100 participants, and ranging in duration from 1 to 18 months. mHealth tools included text messages, Bluetooth-enabled electronic pill boxes, online messaging platforms, and interactive voice calls. Patients and healthcare providers generally preferred mHealth to other interventions. All 10 studies reported that mHealth interventions improved medication adherence, though the magnitude of benefit was not consistently large and in one study was not greater than a telehealth comparator. Limitations of trials included small sample sizes, short duration of follow-up, self-reported outcomes, and insufficient assessment of unintended harms and financial implications. Current evidence suggests that mHealth tools can improve medication adherence in patients with cardiovascular diseases. However, high-quality clinical trials of sufficient size and duration are needed to move the field forward and justify use in routine care.
Introduction
Poor medication adherence and persistence are associated with increased re-hospitalization, morbidity, mortality, and increased healthcare costs. 1 The World Health Organization (WHO) has identified medication non-adherence as a priority preventable healthcare problem, and a key barrier to improving clinical outcomes. 2 Medication non-adherence has been reported to occur in .60% patients with cardiovascular disease, the leading cause of morbidity and mortality worldwide. 3, 4 Reasons for poor medication use are multifactorial and include, but are not limited to, poor medication adherence (the extent to which a patient acts in accordance with the prescribed interval and dose of a dosing regimen) and persistence (the duration of time from initiation to discontinuation of therapy). 5 Various aetiologies are reported for medication non-adherence and nonpersistence. While medication non-adherence may be attributed to forgetfulness, communication barriers, socio-economic factors, and motivation, 3, 6 medication non-persistence may result from financial hardships, fear of side effects, false beliefs about disease or treatment, and lack of understanding about medication purpose. 7 As a result, a multi-modal approach regarding medication intake is needed to improve outcome among patients with chronic conditions. To improve medication adherence, there has been recent interest in the use of behavioural interventions, such as calendar pill boxes or pill blister packaging, in-office patient counselling, and follow-up telephone calls from care providers. 8 A tool with surging interest is mobile health (mHealth). 9 -11 To date, no standardized definition of mHealth has been established. mHealth, electronic Health (eHealth), and telehealth are terms that have been used interchangeably. 12 WHO has defined mHealth technology as a medical and public health practice supported by mobile devices, such as mobile phones, patient monitoring devices, personal digital assistants, and other wireless devices. 13 In addition, the American Telemedicine Association (ATA) considers mHealth as a form of telemedicine.
14 Use of cell phones, particularly smartphones, has increased in recent years. Recent estimates suggest that 90% of American adults own a cell phone and 64% own a smartphone. 15 It is estimated that a quarter of the world's adult population, surpassing 2 billion, will be using smartphones in 2016. 16 As such, field of mHealth is heavily focused on smartphone-based or smartphone-linked interventions. The widespread adoption of smartphones provides a unique opportunity for researchers and clinicians to utilize mHealth as a means for delivering healthcare in an automated, personalized, and cost-efficient manner.
Previous studies have reviewed the use of mHealth as a tool to improve medication adherence in patients with various chronic medical conditions such as acquired immunodeficiency syndrome, diabetes, and chronic pulmonary obstructive disease. 17, 18 A recent systematic review of controlled trials and observational studies suggested that there is a potential for mHealth technologies to facilitate adherence to chronic disease management (improvement on adherence behaviour in 56% of trials), although more evidence is needed to support the effectiveness of mHealth technologies. 17 In addition, a recent meta-analysis of randomized controlled trials demonstrated that mobile phone text messaging approximately doubles the odds of medication adherence among patients with chronic conditions, but suggested cautious interpretation of these reports, as more investigations should be performed to determine definite influences of mHealth technologies on clinical outcomes as well as patient populations who mostly benefit from these interventions.
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Although previous reviews have explored the literature regarding the applicability of mHealth for patients with chronic conditions, to our knowledge, no studies have specifically reviewed randomized controlled trials, which provide higher quality evidence, for enhancing medication adherence in patients with cardiovascular disease by mHealth. In this study, we aim to fill this literature gap by reviewing evidence for mHealth interventions that target medication adherence in patients with cardiovascular disease, with attention to the types of mHealth tools used, preferences of patients and healthcare providers, the effect of the mHealth interventions on medication adherence, and the limitations of trials.
Methods

Data source and search strategy
We searched MEDLINE using PubMed for the time range from 1 January 1966 to 11 December 2015 for studies that evaluated medication adherence in response to mHealth interventions in patients with cardiovascular disease. We searched 'text words' for most entries and MeSH headings for major entries with relevant keywords ( Table 1) .
Study selection and data collection Inclusion criteria
We included completed randomized controlled trials on patients with cardiovascular disease that evaluated the effect of mHealth interventions on adherence to cardiovascular disease medications for the treatment of hypertension, ischaemic heart disease, myocardial infarction, acute coronary syndrome, heart failure, stroke, and peripheral arterial disease. We considered trials for inclusion if the intervention was consistent with the definition of mHealth by WHO or ATA. Trials with results related to patient-or investigator-reported medication adherence were included in this review. Only trials that considered medication adherence as the primary endpoint were included.
Exclusion criteria
We excluded studies that evaluated the use of mHealth technology for adherence to non-cardiovascular medications and for other comorbidities in patients with cardiovascular disease. We excluded studies that were not randomized or lacked an appropriate control group such as studies reporting pre-and post-intervention results in a single group following the use of an mHealth intervention. We also excluded studies other than English language, studies using regular phone calls alone, those terminated before the completion of study, or if other endpoints such as medication persistence or patient satisfaction were primarily evaluated. There were no restrictions with regard to patients' age, sex, and ethnicity and study location and date. 
Results
We found 390 records using the search strategy noted in Table 1 .
After reviewing the title and abstracts, 80 studies were selected for full-text review. Finally, we excluded 71 records and identified 10 trials 20 -29 matching our inclusion criteria ( Figure 1 ). For simplification purposes, trials were classified and tabulated according to the type of cardiovascular disease. Duration of trials ranged from 1 to 18 months. Sample size ranged from 20 to 21 752 individuals. Five studies had a sample size ,100. Eight out of the nine studies used text messaging independently or as a part of the intervention. Three studies used electronic medication tray/electronic pill boxes with timestamps, three studies used smartphone apps, and one study used interactive voice response calls. Patients and healthcare providers responded positively to mHealth and generally preferred it to other tools.
Outcome measures
All 10 of the included trials examined medication adherence as primary endpoint. Medication adherence, if self-reported, was calculated using the Morisky Medication Adherence Scale (MMAS). 26 In addition to MMAS, two trials 23, 27 assessed medication adherence by electronic monitoring devices described as Medication Event
Monitoring System (MEMS), which record date and time of each medication removal. McGillicuddy et al. 27 calculated adherence score, using a modified method as previously described by Russell et al. 30 A dose taken within the 3-or 6-h window resulted in a full or half score for that dosing time, respectively. Quilici et al. 20 measured patients' adherence to aspirin using arachidonic acid-induced platelet aggregation (AA-Ag) testing after intervention.
Type of mHealth tools
All studies except two trials 21, 28 used text messaging independently or in combination with other interventions. The content of text messages included health education, reminders to take prescribed medications, and interactive automated messages, modified according to the patient population, culture, language, education, and social environment.
A number of trials passively sent regular reminders to patients in order to improve medication adherence. Park et al. 23 Figure 2 ), a wireless Bluetooth-enabled blood pressure monitoring device, and a smartphone. The electronic tray reminded patients by blinking from a specified dose compartment at the prescribed time. If not attended to in 30 min, it would ring for 30 min, and if it still was not attended to after that period, then mHealth for improving medication adherence in patients with CVD this resulted in a text message reminder or an automated phone call to the patient. If blood pressure measurements recorded and transmitted through the blood pressure monitoring device were out of the normal range, the study coordinator was alerted. In another trial, Goldstein et al. 29 used two interventions that they classified into 'telehealth' and 'mHealth'. The telehealth arm included an electronic pill box, which had pill compartments with reminder alarms and timestamps. Reminder alarms were either activated or inactivated depending on the arm of the study. Each container was connected to a telephone line, and data were transferred using a built-in modem to a central server. In the mHealth arm, a smartphone (iPhone) was used with a medication adherence application (iRx Reminder LLC), which provided medication reminders and acted as a passive medication-taking log. Participants could respond to the reminder as documenting the number of pills taken or to snooze for a later time.
Two trials used mHealth tools other than text messaging. Vollmer et al. 21 used interactive voice response calls. This involved automated phone calls plus personalized reminder letters, additional mailed materials, live outreach calls, and electronic medical record (EMR)-based feedback to the primary care providers when patients were due or overdue for a refill. EMR-based feedback was delivered to the primary care provider if patients were .90 days overdue. Tian et al. 28 evaluated a smartphone-based electronic decision support system (EDSS) used by community health workers (CHW) in resource-limited settings in China, India, and Tibet. The CHWs were provided a 1-day EDSS orientation followed by delivery of the intervention to high-risk patients monthly for 1 year using a mobile cardiovascular management programme via an Android-based app. The app consisted of prompts regarding blood pressure, current medication use, medical history, contraindications to cardiac medications, and lifestyle habits that aided in the decision support. CHWs received suggestions relating to two lifestyle modifications (smoking cessation and/or low salt diet) and two medications (aspirin and/or blood pressure lowering agents) based on patient's assessment. Usual care/control received medications in primary healthcare centres without additional interventions.
Results by study population Hypertension mHealth improved medication adherence to anti-hypertensive medications and reduced blood pressure in two randomized controlled trials.
McGillicuddy et al. 27 conducted a study including 20 participants followed up for 3 months. They used a prototype mHealth medication and blood pressure self-management system, assessing its feasibility, acceptability, and outcomes. A modified adherence score, as previously described by Russell et al., 30 was used to evaluate whether patients take medications in the recommended timeframe. Adherence score significantly increased from baseline to 3 months in the mHealth compared with the standard of care arm and accompanied with clinical improvement. Systolic blood pressure (SBP) improved from 138 to 122 mmHg and diastolic blood pressure (DBP) from 88 to 81 mmHg in the mHealth arm, and in the standard care arm, SBP increased from 132 to 139 mmHg and DBP from 76 to 79 mmHg at 3 months. Limitations of the study included the small sample size with recruitment from one transplant centre, and a question of bias due to the financial incentive involved with participation. The intervention arm also received mHealth devices for free. The SimCard Study 28 was a year-long cluster-randomized controlled trial of 2086 (47 villages: 27 in China and 20 in India) 'high-risk' cardiovascular patients, defined as age .40 years old with self-reported coronary heart disease, stroke, diabetes, or measured SBP ≥160 mmHg. The control group had access to free medications in primary health centres. Compared with control group, the intervention had a 25.5% (P , 0.001) higher net increase in the use of anti-hypertensive medications. Secondary outcomes showed significant difference in aspirin use (net difference 17.1%, P , 0.001). SBP also improved significantly (22.7 mmHg, P ¼ 0.04).
Results from this multi-site trial suggested that mobile technology would be potentially helpful to improve medication adherence among resource-limited populations. However, since CHW served a pivotal role in the intervention, the generalizability and applicability of results to healthcare settings with few human resources may be limited. This trial was not able to distinguish the effectiveness of different intervention components, as multiple interventions were used.
Ischaemic heart disease
We found six trials that evaluated medication adherence among patients with coronary heart disease, the details of which are provided in Table 2 . All trials showed significant improvements in medication adherence. Sample sizes of trials were different (with 60 -21 752 patients), with durations ranging from 30 days to 18 months. Studies were done in the USA, UK, France, Malaysia, and China. The largest of the studies was that done by Vollmer et al., 21 which took place in three large health maintenance organizations in the USA. Participants were 40 years or older with diabetes mellitus or atherosclerotic cardiovascular disease and had suboptimal medication adherence. Although the intervention had a positive effect, it was a modest one: adherence to statins and angiotensin-converting enzyme inhibitors or angiotensin receptor blockers significantly increased from 1.6 to 3.7% compared with usual care (P , 0.05).
Heart failure
We found one study examining mHealth for medication adherence in heart failure. Goldstein et al. 29 performed a randomized controlled trial including 60 participants with a follow-up of 28 days. This study compared the application of telehealth (using an ePill box) vs. mHealth (using a smartphone) regarding medication adherence and patients' acceptance of devices. The study had four arms involving possession of one of the two devices (either ePill box or smartphone) with or without active programmed reminders (active vs. passive medication-taking system). Participants rated their device based on factors such as helpfulness, quality of life, willingness to recommend the device to a friend, and satisfaction. Overall adherence was 78%. No significant difference in medication adherence was observed between the telehealth and mHealth groups regardless of the reminder systems. Adherence was 80% for ePill box, 76% for smartphone, 79% for active medication reminder arms, and 78% for passive medication reminder devices; however, patients preferred the mHealth approach and rated the smartphone higher than the ePill box (mean score 48.7 vs. 33.4; P , 0.001). The study had some limitations, including the lack of baseline data for adherence before intervention, inability of the smartphone application to capture overdoses, inconsistency between methods of ascertaining adherence between devices (bin opening vs. self-report), small sample size, and short duration. Heart failure management is multifaceted and requires close monitoring of physical parameters such as weight, blood pressure, and volume status as well as cardiac rehabilitation. We encountered a number of studies involving the use of telehealth that examined these parameters. However, telehealth, but not mHealth, interventions have been used extensively in the management of heart failure. These interventions were not the focus of this review and are reviewed elsewhere. 32 
Stroke
We found one trial on patients with stroke. The SMS4Stroke study 33 was a parallel-group, assessor-blinded, randomized controlled superiority trial with 200 participants. In addition to usual care, mHealth for improving medication adherence in patients with CVD the intervention arm received reminder SMS messages for 2 months containing personalized prescription-tailored daily medication reminders with twice-weekly health information. Medication adherence was measured at recruitment and after 2 months in both groups. The increase in MMAS adherence score was minor in the control group (0.1), compared with the intervention group (0.8).
On univariate analysis, the mean MMAS score was 0.65 (0.0 -1.0) points higher in the intervention group compared with the control group. Multivariable analysis showed that mean difference in adherence score between the intervention group and the standard group was 0.54 (95% CI: 0.22 -0.85; P ¼ ,0.01) when adjusted for potential confounders.
Peripheral arterial disease mHealth has been used in patients with peripheral arterial disease, but we could not find any trials specifically examining medication adherence.
Discussion
Integrating technology to interface with patients through hybrid forms of mHealth, eHealth, and telehealth is currently a major initiative of clinical research. The ubiquity of mobile devices with diverse capabilities provides an opportunity to improve health outcomes. Mobile technology has the potential to make healthcare better, faster, less costly, and more accessible. mHealth has shown promising early results in improving medication adherence. It has the potential to improve the quality of care, provide access to multiple resources, and become more efficient by allowing monitoring and real-time analysis of health data while also enabling patients to learn and become more engaged in self-management of their condition through highly personalized tools.
Making comparisons across studies is challenging because of inherent differences in their designs, outcome measures, and the multitude of ways that adherence was assessed. However, among the studies reviewed, all demonstrated positive outcomes in one or more of their objectives. Recent interest has also been seen in smart watches because they are potentially as multifunctional as cell phones. Sailer et al. 34 investigated requirements of a smart watch-based medication reminder system and presented an early prototype to improve medication adherence. Nevertheless, no trials have been conducted yet using smart watches. Although various types of technology would allow clinicians to choose the best tool based on patients' preference, it seems necessary to examine benefits and drawbacks of each method before recommending them under the umbrella term of mHealth. Across the included trials, outcomes were measured in terms of medication adherence by multiple methods such as pharmacy refill rates, electronic medication tray with Bluetooth devices transmitting pill taking logs, blood levels, mobile apps with reminders, and patient self-documentation about completing the required instructions assessed on scales such as MMAS. The effect of mHealth interventions on other parameters of healthcare involving lifestyle and behaviour modification, including daily monitoring of weight, blood pressure, heart rate, and smoking, as well as recording and transmitting electrocardiogram, has also been assessed in studies with promising results. 35 In this review, encouraging among all studies was the positive response of patients and healthcare providers to the mHealth interventions. However, in some instances, patient preference for one tool was not necessarily the determinant factor for the observed positive outcome. Goldstein et al. 29 compared different tools including pillboxes and smartphones. Patients preferred the smartphone-based approach despite similar outcomes in all arms. This preference without significant change in outcome warrants further attention with well-designed clinical trials. Park et al. 23 saw improvement in both control and intervention arms and attributed this to Hawthorne bias (observer bias), which is a change in participants' behaviour, as they are aware of being observed. Although a challenge to differentiating effects in experimental studies, it is inherently a positive effect that suggests clinical practice can include closer monitoring implemented through digital means. Financial implications are a concern prior to initiating any intervention. Cost information is essential for insurance companies to consider financing such healthcare. Among the trials screened, there were no studies evaluating the cost of improvement of medication adherence using mHealth. Studies involving direct phone calls from the provider or other healthcare staff to the patient did not evaluate financial implications for the extra time spent. 21 There is paucity of data on how mHealth interventions have been developed, including whether any input is considered by users or patients. Differentiating components of the intervention, including text messages vs. reminders, improving knowledge vs. reinforcing behaviour change, being part of a study altering behaviour vs. continued closer monitoring, is pivotal to improving outcomes. No comparative studies testing different technologies alone or in combination with traditional interventions have yet been published.
Adherence to long-term treatment in chronic diseases is poor. 36 The growing literature regarding the use of mHealth in noncardiovascular chronic illnesses could inform mHealth application in patients with cardiovascular disease, who require consistent care. A meta-analysis of 16 trials, including patients with chronic diseases such as human immunodeficiency virus (HIV) infection, asthma, allergic rhinitis, diabetes mellitus, epilepsy, and cardiovascular disease, demonstrated that text messaging could improve medication adherence. 36 Although mHealth has been effective in increasing adherence to anti-tuberculosis drugs and antiretroviral therapies in HIV patients, 19 paucity of evidence regarding effectiveness of mHealth for other populations calls for further welldesigned studies. The American Heart Association (AHA) 37 recently released a scientific statement where they reviewed studies integrating the use of mHealth for cardiovascular disease prevention, targeting weight loss, smoking cessation, blood glucose management, blood pressure control, and lipid management. The authors raised concerns about the present state of the mHealth for cardiovascular disease, strongly advocating for further high-quality clinical research in this area. mHealth apps, unlike medications, are commonly developed in a short period without formal testing in clinical trials. Many studies have failed to adhere to the principle of intention to treat and have relied on patient self-reporting. Further rigorous research is needed to support the use of mHealth in cardiovascular disease, and it seems reasonable to assume that producing this evidence must be a shared responsibility of healthcare providers, consumers, and producers. The greatest growth of mobile phone use has been in low-and middle-income countries, yet the body of research regarding mHealth has largely ignored these settings. 38 The combined effect of chronic non-communicable and communicable diseases in developing world results in 'dual burden' of illnesses 39 that call for the use of effective interventions such as mHealth technologies. mHealth is an especially attractive strategy given the potential for low-cost scalability and reproducibility of interventions. However, more studies are needed in developing countries to measure the effectiveness of mHealth use in improving health-related quality measures, such as disability-adjusted life-years. 40 In this systematic review, we examined trials that evaluated medication adherence as the primary outcome. However, adherence should be considered one part of the cascade from prescription to persistence, and it is unlikely that mHealth or an isolated intervention for adherence will make a significant impact on hard outcomes without consideration of other steps in this pathway. More investigations are needed to explore multiple aspects of medicationtaking behaviour, such as concordance (negotiated agreement between the patient and the physician or other healthcare professional), 41 preference, satisfaction, and persistence. 42 As with any new technology, mHealth for cardiovascular medication adherence is a work in progress. Absence of substantial evidence does not mean absence of effectiveness. Awareness of this new tool is rising. However, we are in need of stronger evidence from welldesigned and implemented studies with larger sample sizes, and longer duration of intervention and follow-up, focusing on motivation, education, closed loop relationship between the healthcare provider and patient, and evaluation of cost-effectiveness.
